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1 Introduction

Rare decays of bottom hadrons mediated by the flavor-chgnggntral current (FCNC)
processh — sy~ occur in the standard model (SM) through higher order (Icappli-
tudes. A variety of beyond-the-standard-model (BSM) tlespron the other hand, favor
enhanced rates for these FCNC decays, where heavy exofici@anty participate in the
loops. These processes are thus very interesting toolsaatolsér BSM physics. In par-
ticular, these three-body decays provide observablestsent® NP, e.g. the branching
ratios, their dependence on the di-muon mass distributnohtlae angular distributions of
the decay products.

We summarize recet— sy" i~ results from the CDF experiment based on the full 9.6
fb~1 dataset collected ipp collisions at\/fs) = 1.96 TeV. The decays analyzed a8g; —
K+utu-, B — K*9(892)utu~, B® — Koutpu—, Bf — K*+(892utp~, B — @utp~, and
/\8 — AU, The latter two decays were first observed by CDF [1] in 201bnfan an-
gular analysis of th8 — K*utu~ decays we also present updated results on the transverse
polarization and T-odd CP asymmetries reported earlier [2].

2 Branching Ratios

The signal yields of the analyzed rare decays are obtainegnbjnned maximum log-
likelihood fits to the invariant mass distributions, showrigure 1.
The measured relative branching ratios with resepect tiregonding reference chan-
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Figure 1: Signal yields iB™ — K+pfu—, B® — K*0(892utp~, B® — Koutpu—, BT —
K*+(892utp, BY — qup~, andAY — Ap U~ modes.

nels are:

B(BY — Ktptp)/B(BT — J/YK') = [0.44+0.03(stab) + 0.02(sysb] x 1073,
B(B® — K*Outu™)/B(B° — J/PK*®) = [0.85+ 0.07(stab + 0.03(sysh] x 1073,
fB(BO — @utu)/B(B2 — J/Y@) = [0.90+ 0.14(stah - 0.07(sysh] x 103,

B(B® — Kout ) /B(B® — J/PK?) = [0.384 0.10(staf) 4 0.03(sysbh] x 1073,
B(BY — KTty )/B(BT — J/PK*) = [0.62+ 0.18(stat) 4+ 0.06(sysh] x 103,
BN — AU ) /B(AD — J/PA) = [2.75+ 0.48(stah + 0.27(sysh] x 10~ 2.

The absolute branching ratios, obtained by substitutiegréfierence branching ratios



with their PDG [3] values, are

B(BY — Ktptp) = [0.45+0.03(stab) + 0.02(sysb] x 1076,
B(B® — K*Outp™) = [1.144 0.09(sta & 0.06(sysb] x 107°,
B(BY — qutu~) = [1.17+0.18(stat + 0.37(sysh] x 107,
B(BY — K" ) = [0.334 0.08(stat) = 0.03(sysb] x 10°°,
B(BY — K* ) = [0.89+ 0.25(stab) + 0.09(syst] x 1076,
B(AD — AU ) = [1.9540.34(stab) + 0.61(sysh] x 10°°.

All the numbers are consistent with the B factory measurdmt) and enable us to
extract NP sensitive quantities from angular observables.

3 Differential Branching Ratios

We measure the differential branching ratios with respedhé (squared) dimuon mass,
9% = M3 c2. Same fit procedure as the global fits are performed in sixusiaq? bins to
extract the signal yields. In the fits only the signal frac@are varied, keeping the mean
B hadron masses and the background slopes fixed. Figure Zghewlifferential branch-
ing ratio distributions foB — Kup~ (K andK+ modes combinedB — K*ptu~ (K*0
andK** modes combinedB? — @uu~, andA] — ApFp~ modes. The SM (red curve)
predictions are taken from [5]. In th’eg plot our data is also compared to the SM predic-
tion based on our measured BR value d5lx 10-° (blue dashed curve). Also shown, as
green vertical bands, are the charmonium veto regions wdrmelexcluded throughout our
analysis. No significant deviations from SM prediction abserved.

The isospin asymmetry between tBé andB differential branching ratios is defined
as,A = [dB(B%) —r dB(B")]/[dB(B®) +r dB(B")], where, ¥r = 1(B*)/1(B%) = 1.071
+ 0.009 [3], and equal production &' andBP is assumed. Figure 3 showd for the
B — Kyt~ andB — K*u™u~ modes. No significant deviation from zero is observed. We
measure the integrated asymmetries as

A (B— Kutu ) = —0.11+0.13(stap 4 0.05(sys?,
Al (B— K*utu) = 0.164 0.14(stab & 0.06(sysb.

They are consistent with the B factories and LHCDb results [6].

4 Angular Analysisof B — K*u"u~ Decays

The differential distributions of thB — K*u™u~ decays [7] are described by four indepen-
dent kinematic variables; the di-muon invariant mass sgigr), the angled, between
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Figure 2: Differential branching fractions with respectdquared dimuon mass?, in
B — Kptp~ (K2 andK+ modes combinedB — K*uu~ (K*? andK**+ modes combined),
B2 — qutu~, andA? — Aptp~ modes.

the u* (u™) direction and the direction opposite to tBe(B) meson in the di-muon rest
frame, the angl®x between the kaon direction and the direction opposite t@thgeson

in the K* rest frame, and the ang{gbetween the two planes formed by the di-muon and
theK-mtsystems. The distributions 6f,, 6k, andg are projected from the full differential

decay distribution and can be parametrized with four angoliservablesArg, F, A(TZ)
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Figure 3: Isospin asymmetry between neutral and charged ®nsenB — K*utu~ and
B — Ky u~ modes.

andAin [8]
%dc(i—rsw:gFLCOSzGKﬂL%(l—FL)(l—COSZGK),
%%rs%:gﬁ(l—coszepqtg(l—FL)(1+co§ep)+A|:Bcosﬁu,
%3—; 2111[ 1(1 FL) COSZP+A|mSIn2(p]

wherel =T (B — K*u"u™), Agg is the muon forward-backward asymmet#y, is theK*

longitudinal polarization fractlorA(T) is the transverse polarization asymmetry, &gglis
the triple-product asymmetry of the transverse polarrei

We perform an unbinned maximum log-likelihood fit, simuktansly fittingk*® and
K** in the three angles),, 6k, and¢, to extract the four angular observables. Figure 4
shows the fitted results with the SM expectations. All thelltessaare consistent with previ-
ous measurements and no significant deviation from SM isrebdevithin current preci-

sion.

S5 Summary

We have reported the total and differential branching sitiovariousb — spprare decays
with the full CDF data sample. The NP sensitive observablemtefest, measured in
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Figure 4: Angular analysis results Agg, F_, A(Tz) andAjm, with respect to squared dimuon
massg?, for B— K*ptp decays.

B — K*u"u~ angular analysis, are consistent with standard model ¢apeas and other
experiments.
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